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By John M. Riebe  and Rodger L. Naeseth 

An investigation w a s  made Fn the  Langley 7- by 10-foot high-peed 
tunnel t o  determine  the  effect of Mach  number on the aerodynamic  charac- 
t e r i s t i c s  of a fly-oat hu l l  with high  length-beam ra t io .  For c- 
pasison, t e s t s  ware made on a streamline body simulating  the  fuselage of 
a modern tramport  airplane. 

The hull, made by extend- the af'terbody and fa i r ing  the nose of 
Lar@.ey tank model U4, had a minimum drag coefficient of 0.0060 at  
0.4 Mach  number including the interference of the thin sweptback sapport 
wing; the minimum drag coefficient of the  streamline body w a s  0.0030. 
Increasing Mach number resulted in drag coefficient  increases far both 
hull and fuselage at a l l  angles of attack  Fnvestigated; the rate of 
increase became snal ler  as the body was  made more refined. A t  Oo angle 
of attack  the drag coefficients were 0 .OO23, 0.0021, 0 .OOl7, and 0.0008 
larger at 0.8 Mach  n-er than a t  0.4 Mach  nlrmber f o r  the hull, hull 
wfth step  fairing, hull with rounded bottom, and etreamline body, respec- 
tively. Angles of attack  for minimum drag i n  the p o s i t i n  range  extended 
from Oo t o  about 4' f o r  the hul l  a& Oo t o  about 20 fo r  -the streamline 
body f o r  dl Mach  numbers at which data were not l imited  to  low angles 
of attack. 

Increasing Mach nmber  resulted in a very slight decrease i n  longi- 
tudinal stability f o r  both hul l  and fuselage;  directional  stabil i ty waa 
generally  constant. 

Because of the  requirements for increased  range and speed l,n f-ing 
boats, an inmstigation of the aerodynamic characteristics of flying- 
boat hulls as affected by hull dimensions and hull  shape is being  cork 
ducted a t  the Langley Memorial Aeronautical  Laboratorg. The resul ts  of 
several phases of this  investigation axe given in  references I t o  3, 
which present data up t o  a Mach nmber of 0.4. The contwqlated  design 
of high-speed seaplanes has resulted in ~ t z l  extension of the inmatigation 
t o  high  subsonic Mach numbers. 
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The present  investigation was made t o  determine the high-speed 
character is t ics  of 8 fly-oat hull with Ugh 1ength"beam ratio,  the 
l l n e s  of which were derived fkam consideratlone of the data  given in  
references 1 and 2. Additional tests were made wlth the h u l l  step 
faired and  bottam  rounded.  For comparing the drag and s tab i l i ty ,  an 
investigation was a lso  made of a streamline body simulating  the fuselage 
of  a  modern transport  airplane. Throughout the  present paper, the  hull 
and fuselage  characteristics were derived by eubtractim of wing-alone 
data from wing-pluS"hull or "fuselage data. 

The resu l t s  of the tests are presented as standard NACA coefficients 
of forces and moments. Rolling-, yawing-, and pitchlng-mcnnent coeffi- 
c ients  are given about the location (30-percent Vsng root  chord) shown 
I n  figures 1 and 2. 

I n  order to   afford  direct   canprison  with low-speed data  the wing 
area, mean aerodynamlc chord, and span, used i n  determining the coeffi- 
c ients  and Reynolds numbers, are based on the  hypothetical flying boat 
given in  reference 1. Although these values may vary considerably from 
those of high-speed flying boats, it is believed that their use is 
Jus t i f ied   for  comparative purposes. 

The hul l  and fuselage coefficients were derived by subtraction of 
wing-alone data frcm wing-plus-hull or -fuselage deta. The wing-alone 
data were determined by including  in  the tests that part of the w i n g  
which is enclosed in  the hull. T h e  hull or fuselage  coefficients  there- 
fore  include  the wing interference  resulting from the interaction of the 
veloci ty   f ie lds  of the  w i n g  and hul l  and also the negative wing inter- 
ference caused by shielding frm t h e   a i r  stream that part  of the wing 
enclosed  within the hull or  fuselage. 

The data are re fer red   to  the s t ab i l f ty  axes, .which a re  a syetem of 
axes having their   or igin a t  the  center of moanents shown in  f igures  1 and 2 
and In  which the Z-axis is i n  the plane of symnetry and perpendicular t o  
the relative w i n d ,  the X-axis is in  the  plane of symmetry and perpen- 
dicular   to   the Z e x i s ,  and t h e  Y-axis is perpendicular to the plane of 
synnnetry. The positive  directions of the  6tabil i ty axe6 are  shown in 
figure 3. 

The coefficients and symbols are  defined  as follows: 

CD drag coefficient (Y) . 
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CY lateral-force  coefficient 

. c 2  rollingtmnament coefficient 

CIrl pitching-moPnent ooefficient 

Cn yawing-mcrment coefficient 

L i f t  = -4 

Drag = -X when q = 0 

x force  along X - a x i s ,  pounds 

Y force along Y-axis, pounds 

Z force  along Z-axis, pounds 

L ro l l ing  mament, foot-pounds 

M pitching moment, foot-pounds 

M yawfng moment, foot-pounds 
. 

P 

s w i n s  area of ---scale model of hypothetical flying boat I 

40.6 
(1.110 sq f t )  

w i n g  mean aerodynamic  chord (M.A.C . ) of --scale model of a 1 
40.6 

hypothetical  flying  boat (0.34-0 ft) 

v airspeed,  feet  per second 

P ms8 density of air, slugs  per  cubio  foot 

U angle of at tack of hul l  base l i ne  or fuselage center  line, degrees 
- 
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Jr  

R 

M 

c% 

C 
nrk 

% 

angle of yaw, degrees 

Reynolds nmber, baaed on wing mean aerodynamic  chord  of mo- 
theticd H w  of 4076- scale mdel of  hypothetical  flying 
boat 

rate  of  change of pitching-moment  coefficient  with angle of 

attack (2) 
rate of change  of  yawing+ncment  coefficient  with angle of 

Yaw (%) 
rate of c of lateral-force  coefficient w i t h  angle of 

The hull  model had the s&me lines a6 hull  214, which  had a length- 
beam  ratio 12 (reference 11, except that the  sternpost waa extended  to 
the  aft  perpendicular,  resulting in an over-all length-beam  ratio  of 15, 
and the bow chines were rounded 7 percent of the  hull length. Dimenaionrs 
of  the  hull model are presented in figure 1 and offsets,  in  table I. 

The general  proportion8  of  the  step  fairing  which  extended fo r  a 
distance equal to nZne times  the  depth  of  step  at  the keel axe sham in 
figure 4. The fairing  wa6 similaz to  that in reference 1. For one  of 
the  tests  the hull bottom was ro'tmded  over  the  entire length of the hull 
as shown  in  figure 3. 

The streamline  body  which  had a fineness  ratio of 9.0 represents 
the  fuselage  of a bpical high-speed  landplane.  Dimensions  of  the 
fuselage are given in figure 2 and. table 11. 

The hull was constructed of bismuth and tin alloy built around 8.n 
alumFnum reinforcement  beam. The step  fairing  and  rounded  bottom  which 
was  interchanged  with  the  conventional  hull  bottom  were  of mahogany. The 
fuselage waa alam3.m.m. The models were  attached to a steel  support wing 
which was mounted horizontally in the tunnel on stings as shown in 
figure 6 .  The  support KFng which was not a male model of the hypo- 
thetical  wing w e d  in determining the coefficients  had 40° of  weepb back 
and an MACA 63410 airfoil  section  perpendicular  to wing leading  edge. 
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The support  ving was set at an incidence  of Oo with  respect to the 
hull  base  line  and  fuselage  center  line became of structural  conaidera- 
tions. The wing was located  vertically so that the average angle of  the 
intersections  of  upper and  lover  wing  surface  with  the  hull in the 
YZ-plane  was  the  same as the  average w i n g  intersectfon  angle on the 
fuselage. It is  believed  that  this  procedure  reduces  to 8 minimum the 
difference  between that part of  the wing interference drag on the hull 
and fuselage  caused by adjoining  surfaces. 

The longitudinal  position  of  the  wing was determined f'rm considera- 
tions of step  location  with  respect  to  position  of  center of gravity on 
flying  boats. 

The volumes,  surface  areas,  and maximum cross-sectional are88 of 
the h u l l  with  the  various  refinements  and of the streamline fuselage are  
given  in  table III. 

Test  Conditions 

The tests  were  made in the Langley himpeed 7- by  10-foot  tunnel 
through  the  Mach  number range from 0.4 to 0.85. The variation  of  test 
Reynolds  number  with  Mach  number for average  teet  conditions  is  pre- 
sented in figure 7. The Reynolds  number was baeed on the mean aerody- 
namic  chord of the hypothetical wing (0.340 ft)  and was canputed  using a 
turbulence  factor of unity. The degree  of  turbulence of the  tunnel  is 
not known but  is  believed to be small because of the high  contraction 
ratio  of  the  tunnel. 

Corrections 

The  hull  and fusehge drag coefficients have been  corrected for 
buoyancy  effects  produced  by  the small longitudinal  static-pressure 
gradient in  the  tunnel.  Blocking  corrections  have  been  applied  to all 
coefficients and Mach nunibera.  Angles of attack and noanent data have 
been corrected for structural  deflections  caused by aerodynamic  forces. 

Test  Procedure 

The aerodynamic  characteristics of the  hull and fuselage  with  the 
interference  of  the  swept  support w i n g  were  determined by testing  the 
wine  alone  and  the  wing  and  hull or wing  and  fuselage  combination  under 
approximtely similar  conditions. The hull or fuselage  aerodynamic  coef- 
ficients were  then  determined  by  subtraction, at given  Mach  numbers and 



angles of attack, of -one coefficients firm the coefficients of 
the complete configuration  after the data were c r o s w l o t t e d  i n  order t o  
canpensate for  differences in  Mach nmber and angle of attack  resulting 
from structural  deflections. 

The surfaces of the hull, fusela@;e, and w i n g  were smooth, and 
therefore  transition was free, for  a31 but one tes t .  

RESULTS AND DISCTRSSION 

The data of figure 8 a r e  Qpica l  of the f h a l  cram plots from 
which hull- o r  fuselage-plus-wing interference data were obtained. The 
support wing-done drag coefficient remained constant  for  the range of 
Mach numbers tested. 

The variations with Mach  number of the hull and fuselage aerody- 
namic chmac te rh t i c s   a t  angles of attack ranging from -2.00 t o  7.B0 
axe presented in  figure 9; the variations with angle of a t tack  a t  Mach 
numbers of 0.40 and 0.65 are &own In flgure 10. Figure 11 presents 
hu l l  and fuselage l a t e ra l  aerodynamic characterfatics at Oo and 40 angles 
of yaw. A s  shown i n  figure 10, the angles of attack for minimum drag in 
the  positive range extended frcm Oo t o  about bo for the hul l  and Oo t o  
about 2' f o r  the streamline body a t  Mach numbers for which data were not 
limited t o  low angles of attack  became of s t ructural  limitations of the 
support wing. The anglmf-a t tack  range for miniman drag f o r  a 
comparative hull of reference 1 was f r a n  3 O  t o  5'. The difference is 
attributed mainly to the  different w i n g  incidence, Oo in  the  present 
paper and 4 O  in reference 1. A rapid  increase  in drag occmed   a f t e r  
about 6 O  a t  Mach number of 0.4. 

Transition was  free for wing  and fuselage for all but one tes t .  A 
comparison (fig.  g(b)) of h u l l  dXag coefficient at Oo angle of attack 
with t h a t  of a test run where h u l l  t r m i t f o n  was fixed a r t i f i c i a l ly  by 
a s t r i p  of cmb0-m parrticles  $,inch wide located approximately 

5 percent of the  hull length aft of the bow showed very l i t t l e  or  no 
difference throughout the Mach nmber range tested. 

Increasing Mach number resulted i n  drag coefficient  increases f o r  
both hu l l  and f'usela a t  all angles of attack  investigated. Emever, 
as shown in  figure 9 'i" b), the r a t e  of increase  with Mach  number  became 
amaller as the body was made more refined. The drag coefficfente 
at a = 00 were 0.0023, 0.0021, 0 .OOl7, and 0 .om8 larger at 0.8 Mach 
number than at 0.4 Mach  number for the hull ,   hull  plus  step  fairing, 
hull  with rounded bottom, and streamline body, respectively. These data 
indicate that a flyi-oat hul l  of the tspe tested can be flown t o  a 
Mach  number of 0.825 without asly sharp drag rim resulting from c r i t i c a l  
shock conditions. However, because the geametric  discontinuities and 
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. flotation  requirements  that  handicap  the flyinpboat hull  with  regaxd  to 
aerodynamic  performance  at law speeds  penalize  it  even more severely at 
high  subsonic speede, it  is  eapecielly  imgortant  that  high-peed  sea- 
planes  incorporate new ty-pes of  hulls or conventional hulls with a 
maximum of  aerodynamic  refinement. 

At  Mach nmbers of  approximately 0.4 the  hull minimum drag coeff  i- 
cients  agreed  closely with that  of hull model 2l4 aven in reference 1; 
the  hull min-iwrm eag coefficient 88 given in the reference was 0.0059, 
whereas 0.0060 was obtained  for  the hull in the preeent investigation. 
The difference in Reynolds number, 3.4 X lo6 f o r  the  data  of  reference 1 
and 0.9 X lo6 for the  present  investigation,  could  account for the 
slight  Increase in drag coefficient  according  to  data  presented in refer- 
ence 1. The  close  agreement between the two values  indicates  that  the 
differences fn support  wing and hull geometry (bm-chine fairing, s t e m  
post  location, asd wing location)  tended to compensate  each  other with 
regard  to hull drag coefficient.  This  might be expected; the difference 
in sternpost  location had little or  no effect  while a decrease in drag 
resulting f r o m  faired bow chines  (reference 2) and a better wing location 
(reference 4) m e  off set by an increase in drag coefficimt caused by t h e  
m e  of a 10-percent-chor3"thick  support wing instead  of  the 2lqercent- 
thick  wing  of  reference 1. The difference in hull drag coefficient 
resulting  from  different  support wings should a l w a y s  be  noted when 
comparisons  are  made  with  other hull-pluMng interference  data  or 
hulldone data.  Subtraction  of wing-alone data from wing-plus-hull 
data,  as  described  under  "Test  ProceduFe,"  results in a lower drag 
coefficient  than for hull tested alone because  of  the  negative  interference 
drag corresponding to that  part  of  the wing enclosed by the hull and 
shielded from the air stream. If this  favorable  interference  effect  is 
not  kept in mind when camparing with other  data,  the drag coefficients 
obtained br t h l s  method may seem abnormally low. (See reference 4,) 

As in references 1 and 2, at angles of  attack f o r  minimum drag, 
fairing  the  step  for a distance nine times the depth of step at the keel, 
as shown in figure 4, resulted in about a 0.0008 reduction in drag coef- 
ficient  at  about M = 0.4. Rounding  the hull bottom  comgletely  to  the 
shape sham in figure 5, gave a 0.0020 min immu drag coefficient  reduc- 
tion  at Oo angle of  attack; a similm alteration in reference 2 gave a 
reduction of 0.0019. , 

The mFnFmUm drag coefficient  for  the streamline body was 0.0030 at 
a Mach number of 0.4. The value obtained in reference 2 fo r  a sfmflar 
body was 0.0040. The. smaller value  can  probably be attributed  to a more 
favorable  location of the  support  wing. The support  wing  of  reference 2 
protruded  considerably  out  of the top  of  the  fuselage;  whereas  the  present 
support wing w& located more t m d s  the  center  of  the body (fig. 2). 
The present wing, although thinner, ha8 therefore a larger part  shielded 
from  the air stream which  results in a lasge negative  wing-interference 
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effect.  Reference 4 also indicatee  that  the  present  wing  location pro- 
duced a lower interference drag reeulting fkam -fuselage junstme. 

Allawing  for  the  difference in center-of-moment  position,  the  longi- 
tudinal  stability ae given  by  Cm,  compared  favorably  with  the  values 
given  in  reference 1 for  the  hull  and in reference 2 for  the  fuselage. 
The values of % were 0.0036 and 0.0033 at 0.4 Mach  number for the 
hull and fwelage, respectively.  Increaefng  Mach  number  to 0.65 increased 
the value of Cma to 0.0042 for  the  hull and 0.0036 for  the  fuselage. 
These changes  are small, however, and. correspond to an aerodynamic  center 
shift of about  1-percent mean aerodynamic  chord  forward on a flying  boat. 

The  directional  stability at low Mach  numbera (fig. 11) as  detex- 
mined by C was similxr to that of previous  tests on the  hull and 
fuselage, as given in references 1 and 2, respectively. The value of C 
was 0.0010 f o r  the hull and 0.0005 f o r  the fuselage.  Increasing  Mach 
number  increaaed  the  directional  instability  elightly  for the hull;  that 
is, the value of  Cn was increased  to 0.0012. IncreasFng  Mach  number 
had only a slight  effect on the  directional  Fnstability  for  the  fuselage. 

9 
9 

$ 

The value  of C, m e  0.006 for  the  hull iLnd 0.001 for  the  fuselage; dl 
these values w e r e  in  good  agreement  with  previous  tests  at l m  Mach 
nm3ers and had little or no variation w i t h  Mach  number. 

For convenience  the  stability  parameters and minirmrm drag coeffi- 
ciente w e  liated in table IV. 

The  results  of  tests in the Langley 7- by  10-foot himpeed tunnel 
to  determine  the  effect of Mach  number  on the aerodynamic  characteristics 
of a flyi-oat  hull  with  high  length-beam  ratio  and  testing  of a 
streamline body f o r  comparison  with  the  flyi-oat  hull  indicate the 
following  conclusions: 

1. Inzreasing  Mach  number  resulted in drag  coefficient  increases 
for both hull and f’uaelage at all angles of  attack  investigated;  the  rate 
of increase  became mailer as the  body wae made more refined. At Oo angle 
of attack  the dra$ coefficients were 0.0023, 0.0021, 0.0017, and 0.0008 
lwger at 0.8 Mach  number than at 0.4 Mach nmber for  the hull, hull with 
step  fairing, hull with  rounded  bottom, and streamline  body,  respectively. 

2. Angles of attack for’minimua d r a g  in the  positive  range  extended 
from Oo to  about for the  hull and Oo to  about 2O for the streamline 
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body f o r  all Mach nunibers a t  *ich data were not limited t o  low angles 
of attack. 

3. Ihcreasing Mach number reoulted Fn a very slight decrease in 
longitudina3  stability for both  hull and fuselage; directional  stabil i ty 
was genera3ly  constant. 
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TABLE 1X.- ORDMATES FOR STRWEDE BODY 

[ AU. dinensions are given in inches] 

Station 

0 . 041 
9 135 
.270 
9 5 4 0  . 865 
1.297 
2 -026 
2 . 161 
2 769 
3.620 
4.474 
5 275 
6.045 
6 787 
7.564 

9.462 

11- 576 

8.466 

10 -299 
ll . 204 

Radius 

0 
.lo5 
-215 
-324 
-484 
.631 
787 
990 

1.022 
1 . 152 
1.298 
1 . 408 
1.484 
1.539 
1 578 
1.608 
1.632 
1.649 
1. 657 
1.661 
1.661 

station 

12.180 
13.068 
13 919 

15 959 
1-7 -013 
17.914 
18.596 
19 582 
20.464 
21.538 
22.436 

14 . 902 

23 327 
24.219 
25 . l l o  
26.002 
26.870 
27.717 
28.589 
29 352 
30.000 

i 

L 

Radius 

1.661 
1.61 
1.645 
1.629 
1.603 
1 569 
1.533 

1.446 
1. 389 
1.308 
1.229 
1 . 141 
1.040 
0927 
799 . 660 
0507 
331- . 160 

1.500 

0 

c 
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TABU IIJ .- VOLUMES, SURFACE AFtEAS, AND M A X I "  CROSSSECTIONAL AREAS 

Hull 

Hull, step 
faired 

2& 

284 

H u l l ,  bottcun 
rounded I 17* I 281 

Streamline 
f -US0lag9 

I I 

9.00 

8.65 
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Configuratio; 

I 

a A t  CL = 0'. 

r T 
1 a 0.G 

0.0060 

.OO% 

a.0040 

,0030 

UI = 0.a 

0.0080 

.w62 

a.oo56 
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Figure 4- General  details of step faired nine times depth of step at 
keel. Bottom view of hull. 
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Figure 6.- Langley tank model 214 modified with extended afterbody, bow chines 
rounded and step faired, mounted in the Langley 7- by lo-foot high-speed tunnel. 
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